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 ELK HABITAT SELECTION ON THE CLEARWATER NATIONAL

 FOREST, IDAHO

 JAMES W. UNSWORTH,1,2 Idaho Department of Fish and Game, Route 2 Box 12, Kamiah, ID 83536, USA
 LONN KUCK,3 Idaho Department of Fish and Game, 1540 Warner, Lewiston, ID 83501, USA
 EDWARD O. GARTON, Department of Fish and Wildlife, University of Idaho, Moscow, ID 83843, USA
 BART R. BUTTERFIELD,3 Department of Fish and Wildlife, University of Idaho, Moscow, ID 83843, USA

 Abstract: Habitat management for bull and cow elk (Cervus elaphus nelsoni) may require different forest
 management standards because of likely sexual differences in distribution and habitat selection patterns. Cur-
 rent standards are based on the habitat use patterns of cow elk. Thus, we located 121 radiocollared elk (101
 bulls, 20 cows) 4,527 times in the forested habitats of northcentral Idaho during 1986-90 to determine patterns
 of habitat selection. During winter, habitat selection patterns of >2-year-old and yearling bull elk were similar,
 but cow elk used more shrub habitats and less-open timber types. Cows typically used moderately steep areas
 on south-facing to west-facing aspects on the middle to lower elevational portions of the winter range. Bulls
 were more often found using small benches or ridgetop areas near the upper portion of hillsides. From spring
 through fall, elk shifted from using a high proportion of shrub and open timber habitats to use of timber
 habitats. In general, elk in areas with roads used habitats with greater canopy cover. This pattern was most
 pronounced for cow and >2-year-old bull elk. Yearling bulls tended to select habitats in proportion to avail-
 ability, whereas cow and >2-year-old bull elk showed preference for open timber habitats during fall in non-
 roaded habitats and for timber habitat in areas with roads during summer and fall. Bulls tended to use higher
 proportions of lower slopes and stream bottoms than did cows during summer, and somewhat steeper areas
 during fall. Concern over forage production on summer range should be secondary to reducing disturbance
 and providing secure habitat during fall hunting seasons.

 JOURNAL OF WILDLIFE MANAGEMENT 62(4):1255-1263
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 Elk habitat use patterns have been evaluated
 throughout the Intermountain West (Knight
 1970, Mackie 1970, Skolvin 1982, Irwin and
 Peek 1983, McCorqendale et al. 1986; Edge et
 al. 1987, 1988). Such studies are commonly
 conducted to determine the effects of habitat

 change. Considerable research has been con-
 ducted to provide guidelines that coordinate sil-
 vicultural practices and elk habitat needs (Black
 et al. 1976, Leege 1984, Lyon et al. 1985) be-
 cause a large portion of the elk range in North
 America has been affected by logging and road
 building. Increased access via road building has
 been associated with decreased use of summer

 habitats (Lyon et al. 1985) and increased hunter
 mortality of bull elk (Unsworth et al. 1993). The
 majority of these studies, however, have only
 considered habitat use patterns of cow elk. Be-
 cause differences likely exist in the distribution,

 habitat use patterns, and home range sizes of
 bull and cow elk (Peek and Lovaas 1968, Leege
 and Hickey 1977, Franklin and Lieb 1979, Mar-
 cum and Edge 1991), habitat management for
 bulls may require different forest management
 practices and standards than currently exist.
 Thus, we wanted to determine (1) if there were
 differences in the seasonal habitat use patterns
 of cow and bull elk, (2) if habitat use patterns
 differed between areas with roads (roaded) and
 areas without roads (nonroaded), and (3) if cur-

 rently used summer habitat guidelines were ap-
 propriate for bull elk.

 STUDY AREA

 The study area was north of the Clearwater
 and Lochsa rivers in northcentral Idaho. The

 area was approximately 3,100 km2 in size and
 located primarily within the Clearwater Nation-
 al Forest (Fig. 1). Physiography was character-
 ized by small, steep-sided drainages. Elevations
 ranged from 425 m at Syringa, Idaho, to 2,030
 m on Castle Butte.

 Annual precipitation recorded at Fenn Rang-
 er Station near the mouth of the Lochsa River

 1 Present address: Idaho Department of Fish and
 Game, 3101 South Powerline Road, Nampa, ID
 83686, USA.

 2 E-mail: junswort@idfg.state.id.us
 3 Present address: Idaho Department of Fish and

 Game, P.O. Box 25, Boise, ID 83707, USA.
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 Fig. 1. Map of the study area in northcentral Idaho showing forest roads. The western portion of the study area was heavily
 roaded (1.94 km/km2), whereas the eastern portion had very low road densities (0.29 km/km2) and no logging activities. The
 study area outline represents the combined range of radiocollared elk during the study, 1986-90.

 averaged 90 cm, 51% of which fell from No-
 vember through March. Temperatures at Fenn
 Ranger Station ranged from a January average
 of -1.6?C to a July average of 21.3?C, with a
 mean annual temperature of 9.7?C (Abramovich
 et al. 1998).

 Vegetation ranged from dry ponderosa pine
 (Pinus ponderosa)-Douglas-fir (Pseudotsuga
 menziesii) forests at lower elevations to Engel-
 mann spruce (Picea engelmannii)-subalpine fir
 (Abies lasiocarpa) forests at upper elevations.
 Fire and timber harvest exerted a major role in
 shaping landscape patterns; about 25% of the
 area was seral shrub habitats or clearcuts with

 grass-forb understories. Another 25% was
 mixed open timber-shrubs, and 50% consisted
 of closed-canopy forest (>60% crown closure).
 The western (roaded) portion of the study area
 was heavily roaded (1.94 km/km2) and had ac-
 tive logging operations. The eastern (nonroad-

 ed) portion had very low road densities (0.29
 km/km2) and no logging activities.

 Land uses included commercial timber har-

 vest, limited livestock grazing, fishing, camping,
 and hunting. There was a 28-day either-sex
 archery season during September and a 26-day
 rifle season for any antlered elk during October.
 Elk density during summer was roughly 1/km2,
 and postseason bull:cow ratios ranged from 14:
 100 on the western portion of the study area to
 35:100 on the eastern portion (Idaho Depart-
 ment of Fish and Game 1998). The lower bull:
 cow ratio on the western portion of the study
 area was associated with high road and hunter
 densities (Unsworth et al. 1993).

 METHODS

 Elk were darted from a helicopter, ear-
 tagged, and radiocollared. Elk were captured
 annually in forest openings during winter and
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 spring throughout the study area. Elk were clas-
 sified as cow, yearling bull, or -2-year-old bull
 elk. Age was estimated from tooth replacement
 and wear (Quimby and Gaab 1957). We fol-
 lowed an Idaho Department of Fish and Game
 animal welfare protocol (Policy FW-21.00)
 while conducting our research.

 We located each radiocollared elk during
 daylight from a Cessna 185 airplane at 1-4-
 week intervals during the nonhunting season
 and 2-3 times/week during the hunting season.
 We recorded the latitude and longitude (from
 the aircraft's LORAN-C navigation system) of
 each radiocollared elk. Overall radiotracking er-
 ror via the LORAN-C navigation system was
 473 ? 131 m (Unsworth et al. 1993), and these
 coordinates were used only for home range
 analysis (Unsworth 1993). Radiotracking error
 was determined by comparing navigation sys-
 tem coordinates with coordinates measured

 from 7.5-min topographic maps. We used
 mapped coordinates from fixed points and hid-
 den radiocollars. Habitat characteristics were

 determined visually from the airplane. Radio-
 collared elk were occasionally located together,
 wherein each animal was assigned the same
 habitat characteristics.

 We used Manly's selectivity index (Manly et
 al. 1972, Manly 1974; Chesson 1978, 1983) and
 log-linear modeling (Heisey 1985) to analyze
 habitat selectivity. The subscript I (I = 1, ... I)
 indicates the habitat type (shrub-clearcut, open
 timber, timber). Classifying factors (season, sex,
 area) were indicated as j, k, and I with J, K, and
 L categories, respectively. The availability of
 habitat type I to an elk in class jkl is indicated
 by Aykl. The probability that the next habitat (I)
 used by elk jkl is

 k tyklAykl Pykl = I

 I OthjklAhjkl h=1

 The aijkl term is Manly's selectivity index and
 acts as a weighting factor for habitat use that is
 not random. If habitat use is nonselective, then

 the tijkls are equal and Pykl is the same as the
 habitat availability (Heisey 1985). We calculated
 the aikls and their standard errors with GLIM
 3.77 (Swan and Baker 1989). We calculated
 95% confidence intervals (Manly 1974) and ad-
 justed them with the Bonferroni method (Mil-
 ler 1981) to make comparisons among selectiv-
 ity indices. Elk habitat use was cross-classified

 by sex and age, season (spring: Apr-Jun; sum-
 mer: Jul-Sep; fall: Oct-Nov; winter: Dec-Mar)
 and area (roaded, nonroaded, winter range).
 Winter locations were treated separately be-
 cause roads on the study area were closed dur-
 ing winter. The dependence of habitat selectiv-
 ity on sex, age, season, and area was determined
 with conditional tests (Fienberg 1970, Bishop et
 al. 1975).

 We classified habitat use for individual elk

 during radiotelemetry flights, but we assumed
 individual elk selectivities were identical and

 pooled them for analysis (Heisey 1985). This
 analysis assumes resource usages are indepen-
 dent and that resource availability does not
 change during the duration of the study (Heisey
 1985). Habitat availabilities were measured sep-
 arately for the roaded, nonroaded, and winter
 range portions of the study area with a Geo-
 graphic Information System (GIS), GRASS
 (Westervelt 1988; Fig. 1). The study area
 boundary represented the cumulative area used
 by radiocollared elk. The GIS database consist-
 ed of classified and ground-truthed LANDSAT
 MSS imagery and a digital road map (1:24,000
 scale).

 Monthly differences in habitat use among
 cow, yearling bull, and >2-year-old elk were
 tested with chi-square statistics. Because sam-
 ple size varied among months, we used the phi
 coefficient to describe relative differences

 among months and between classes of elk (Zar
 1984, Wilkinson 1990).

 We also visually estimated slope and topog-
 raphy (ridgetop, upper slope, midslope, lower
 slope, bench or flat, stream bottom) for individ-
 ual elk during radiotelemetry flights. Aspect was
 determined by referring to the aircraft compass.
 Seasonal differences in the use of these features

 among cow, yearling bull, and ?2-year-old bull
 elk were tested with chi-square statistics (Zar
 1984).

 RESULTS

 We located 121 radiocollared elk (101 bulls,
 20 cows) 4,527 times from 1986-90 (? = 37.41,
 SE = 3.08; locations from individual elk were
 ?2.7% of the total). Sixty-eight of the bull elk
 were collared as yearlings. Yearling bulls were
 located 704 times, >2-year-old bulls were lo-
 cated 2,810 times, and cows were relocated
 1,013 times. Individual elk were located from 1
 to 120 times during the study.
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 Fig. 2. Habitat selectivities and their 98% confidence intervals for elk on the Lochsa study area, Idaho, 1986-90. A selectivity
 of 0.33 indicates habitat is selected in proportion to availability. C = cow, AB = >2-year-old bull, and YB = yearling bull.

 Habitat Use

 We fit 2 log-linear models to evaluate habitat
 use and estimate habitat selectivities: a winter

 model (Model I) and a spring, summer, and fall
 model (Model II). In Model I, we evaluated
 winter habitat use among yearling bulls, 22-
 year-old bulls, and cow elk. During winter, hab-
 itat-specific selectivities (I) were significant (G22
 = 112.83, P < 0.001) and were dependent on
 type (k) of elk (G24 = 18.08, P = 0.005). We
 were unable to fit a reduced log-linear model
 to this dataset, and selectivity parameters were
 estimated from the full model (aik; Fig. 2). On
 the log scale, Model I can be written following
 Heisey (1985) as

 In eik = In aik + In Aik + dk,

 where eik = PikNk, and Nk = total number of all
 observations of habitat use by elk type k. The
 dk term is similar to a block effect in analysis of
 variance (Heisey 1985).

 During winter, selection patterns of 22-year-

 old and yearling bull elk were similar, but cow
 elk used more shrub habitats and less open tim-
 ber types. Differences in habitat use between
 cow and bull elk were greatest during Decem-
 ber-February (Fig. 3). In March, cow elk in-
 creased use of timbered types, and use patterns
 became similar to bulls.

 Along with the selection of different cover
 types during winter, cow, yearling bull, and >2-

 year-old bull elk used different aspects (x14 =
 38.28, P < 0.001), topography (x10 = 37.40, P
 < 0.001), and steepness of slope (j-4 = 10.42,
 P = 0.034). Cows typically used moderately
 steep areas on south-facing to west-facing as-
 pects on the middle to lower hillsides of the
 winter range. Bulls were more often found us-
 ing small benches or ridgetop areas near the
 upper portion of hillsides. Yearling bull elk were
 often associated with cow groups but used more
 westerly aspects (Table 1).

 In Model II, we evaluated seasonal habitat
 use in roaded and nonroaded habitats. Habitat-
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 Fig. 3. Relative differences in monthly habitat use between cow and yearling bull, cow and 22-year-old bull, and yearling and
 ?2-year-old bull elk on the Lochsa study area, Idaho, 1986-90. An asterisk indicates the phi coefficient was significantly different
 from zero (P < 0.10).

 specific selectivities (I) differed (G22 = 65.67, P
 < 0.001) and were dependent on type (k) of elk
 (G24 = 56.80, 4 df, P < 0.001), season (j; G24
 = 203.66, P < 0.001), and road access (/; G22
 = 102.40, P < 0.001; Fig. 2). On the log scale,
 Model II can be written as

 In eijkl =In oty + In cOk + In l nil + In Aijkl + djkl

 Elk in summer and fall shifted from a spring
 pattern of using a high proportion of shrub-
 clearcut and open timber habitats to timber
 habitats. In general, elk in roaded areas used
 habitats with greater canopy cover. Use of tim-
 ber habitats was most pronounced for cow and
 >2-year-old bull elk. Yearling bulls tended to
 select habitats in proportion to availability,
 whereas cow and >2-year-old bull elk showed
 preferences for open timber habitats during fall
 in nonroaded habitats, and for timber habitat in
 roaded areas during summer and fall (Fig. 2).
 Differences in habitat use between cows and
 both classes of bulls were at a maximum from

 August to February. The exception was cows
 and 22-year-old bulls during September and all
 classes of elk during November (Fig. 3).

 When using spring, summer, and fall ranges,
 cows and bulls did not segregate themselves
 spatially to the extent we observed during win-
 ter. Cow elk used more southern aspects during
 spring than both classes of bull elk (214 =

 28.59, P = 0.012). In comparison to cows, bulls
 tended to use higher proportions of lower
 slopes and stream bottoms during summer (x10
 = 22.35, P = 0.013), and somewhat steeper ar-
 eas during fall (j4 = 21.12, P < 0.001; Table
 1).

 DISCUSSION

 Seral shrub habitats are important to elk in
 northern Idaho during winter because forage is
 abundant and shrub habitats have persisted on
 southern exposures where less snow accumu-
 lates (Leege and Hickey 1977, Hershey and
 Leege 1982, Irwin and Peek 1983). However,
 we found that older bulls used shrub habitats

 less and open timbered types more than cows
 during winter. On the Lochsa, there was con-
 siderable mixing of bulls and cows on winter
 range, but older bulls tended to segregate
 themselves on portions of the winter range
 dominated by open timber stands. In areas
 where this habitat was limited, bulls selected
 bench areas on the middle to upper portions of
 winter range. Older bulls were also observed
 wintering in deep snow areas alone or in small
 groups (2-3 bulls) at higher elevations. These
 bulls were sometimes several kilometers from

 the larger concentrations of elk on more "tra-
 ditional" winter range. Watson and Staines
 (1978) reported that female red deer (Cervus
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 Table 1. Seasonal use (%) of aspect, topography, and slope by cow, yearling bull, and -2.0-year-old bull elk in northcentral Idaho, 1986-90.

 SiteCows Yearling bulls 2-2.0-year-old bulls
 Sicharacteristics Winter Spring Summer Fall Winter Spring Summer Fall Winter Spring S characteristics Winter Spring Summer Fall Winter Spring Summer Fall Winter Spring Summer Fall

 Aspect n = 216 n = 194 n = 298 n = 241 n = 94 n = 196 n = 200 n = 106 n = 437 n = 556 n = 1008 n = 614
 North 2.3 7.2 14.4 14.9 1.1 6.6 8.5 9.4 7.8 11.2 18.5 21.2
 Northwest 2.8 5.2 4.4 7.1 2.1 5.6 6.5 9.4 2.8 6.5 6.7 6.8
 Northeast 1.4 2.6 8.1 7.9 0.0 0.5 8.5 12.3 2.8 4.9 6.9 7.8
 East 0.0 11.9 19.1 16.6 0.0 12.2 15.5 10.4 0.2 14.6 14.9 14.7
 Southeast 4.6 9.8 12.4 11.6 6.4 8.2 17.0 16.0 6.0 9.5 12.2 10.3
 South 50.9 34.0 17.8 19.1 35.1 27.0 21.5 23.6 39.6 26.1 18.6 17.9
 Southwest 16.2 12.9 9.7 9.1 20.2 13.8 10.0 10.4 14.9 12.4 8.9 9.3
 West 15.3 16.5 14.1 13.7 29.8 26.0 12.5 8.5 15.3 14.9 13.2 12.1

 Topography n = 254 n = 205 n = 302 n = 252 n = 174 n = 214 n = 209 n = 107 n = 545 n = 585 n = 1027 n = 643
 Ridgetop 13.4 8.8 8.9 5.2 17.8 10.3 10.5 5.6 15.8 10.1 8.8 8.1
 Upper slope 16.9 31.2 31.5 23.0 26.4 24.8 35.4 29.0 25.1 27.0 28.2 24.7
 Midslope 40.6 39.0 42.1 35.3 40.8 37.9 31.6 40.2 39.3 38.8 35.4 37.2
 Lower slope 27.2 14.2 9.3 22.2 9.2 14.5 13.4 16.8 14.7 13.5 15.7 18.5
 Bench-flat 1.6 5.9 3.6 10.7 5.8 11.7 6.7 4.7 4.6 8.2 5.8 8.9
 Stream bottom 0.4 1.0 4.6 3.6 0.0 0.9 2.4 3.7 0.6 2.4 6.0 2.6

 Slope n = 211 n = 201 n = 298 n = 252 n = 80 n = 204 n = 209 n = 107 n = 426 n = 571 n = 1022 n = 643
 <20% 20.4 47.8 51.7 54.4 16.3 43.6 41.2 43.0 26.5 49.6 44.0 37.6
 20-40% 73.9 50.8 46.0 43.7 76.3 54.4 54.6 53.3 63.6 48.0 52.4 59.1
 >40% 5.7 1.5 2.4 2.0 7.5 2.0 4.3 3.7 9.9 2.5 3.6 3.3

 to

 cc
 00
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 elaphus) wintered on higher-quality forage than
 males, and Clutton-Brock et al. (1982) found
 male red deer spent more time feeding in shel-
 ter than did females. Elevational segregation of
 sexes in elk was also documented by Peek and
 Lovaas (1968) and Leege and Hickey (1977).

 During spring, elk of both sexes responded
 to greening vegetation and continued to use
 cover types with open canopies. Other studies
 have documented selection of habitats in spring
 that produce large quantities of succulent early-
 growing vegetation (Hershey and Leege 1982,
 Irwin and Peek 1983). Compared to winter, our
 elk in nonroaded habitats increased use of open
 timber types; in roaded habitats, they increased
 use of closed-canopy timbered types. Recrea-
 tion and logging activity associated with roads
 increased during spring and may have contrib-
 uted to the higher use of timbered types we
 observed in roaded areas (Lyon et al. 1985).
 Cow elk may also have increased use of tim-
 bered types during calving. Kuck et al. (1985)
 found calves subjected to simulated disturbance
 increased use of areas with greater canopy cov-
 erage than did undisturbed calves. Considerable
 predation on elk calves by large carnivores oc-
 curs in the Lochsa area (Schlegel 1976; M. W.
 Gratson, Idaho Department of Fish and Game,
 personal communication); hence, this predation
 likely also influences spring habitat selection.

 Use of timbered cover types continued to in-
 crease during summer for both sexes, but the
 use of timber was most pronounced in roaded
 habitats. Disturbance plays a role in the in-
 creased use of timbered habitats during sum-
 mer because elk avoid areas near forest roads

 (Lyon 1979, 1983). Both sexes increased use of
 cover on the Lochsa during summer, but older
 bulls showed the strongest preference for tim-
 bered types. The increased use of cover in road-
 ed habitats probably was more influenced by
 disturbance than in the nonroaded habitats.

 Marcum (1975) determined bulls moved signif-
 icantly farther than cows from open road sys-
 tems, clearcuts, and disturbances that may have
 been associated with roads. In both Marcum's

 study and ours, increased use of cover was likely
 also associated with delayed plant phenology.
 The general trend in elk habitat use during
 summer is a shift from lower to higher eleva-
 tions, sunny to cool sites, south to north aspects,
 and well-drained to wet sites (Nelson and
 Leege 1982).

 Differential use of habitats by sex of elk has

 not been consistently observed. Pederson et al.
 (1980) indicated no consistent differences in
 habitat selection among yearling male, yearling
 female, and adult female elk. Franklin and Lieb

 (1979) reported bull and cow groups segregated
 themselves, and this segregation increased with
 age of bulls. Clutton-Brock et al. (1982) report-
 ed mature red deer males selected breeding
 territories with more nutritious green forage
 than did immature males. Geist (1982) hypoth-
 esized that females should compromise forage
 quality and quantity in favor of security, and
 males should compromise security in favor of
 better forage. He also speculated that yearling
 males should show the greatest differences in
 habitat use patterns from females and older
 males during the time when a female is giving
 birth to another calf, and during the breeding
 season.

 On the Lochsa, yearling and older bulls used
 different habitats through summer and fall. By
 early winter, however, when young bulls were
 about 18 months old, their habitat use patterns
 became similar to older bulls. Differences in

 habitat use between yearling bulls and both
 cows and older bulls were at a maximum during
 the rut in September, when older bulls may
 have excluded young bulls from breeding hab-
 itats. In elk populations where few older bulls
 are present, habitat use patterns of yearling
 bulls and cow elk would be expected to be more
 similar, particularly in the fall (Noyes et al.
 1996).

 Both bull and cow elk on the Lochsa study
 area showed a strong preference for the closed
 timber habitat type during fall. This use is prob-
 ably related to the increased human activity as-
 sociated with the fall hunting season (Unsworth
 and Kuck 1991) and the continued availability
 of succulent and nourishing forage. As timber
 is harvested, areas that provide security habitat
 become more restricted in size and scattered in
 distribution.

 MANAGEMENT IMPLICATIONS

 Timber management and road building have
 a great effect on elk habitat in the Northwest.
 Considerable work has been conducted on sum-

 mer habitat use patterns of elk, and this infor-
 mation has been incorporated into habitat man-
 agement guidelines for elk (Black et al. 1976,
 Leege 1984, Lyon et al. 1985). These guidelines
 generally predict potential habitat use of an
 area from the amount of various cover and for-
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 age combinations, along with road densities. In
 north Idaho, premier summer elk habitat would
 consist of a roadless area with no cattle use, at
 least 40% cover, and adequate forage areas that
 are <300 m wide (Leege 1984). On both the
 roaded and nonroaded portions of our study
 area, the availability of timber habitat that
 would meet these cover requirements was
 about 50%. This habitat type was used in pro-
 portion to availability in nonroaded areas, but a
 preference for this type was shown in roaded
 habitats. We recommend that at least 50% of

 roaded habitats be maintained in vegetation
 that meets the requirements of cover. Leege
 (1984) recommended using average home
 range size (15.4 km2) as the minimum size for
 analysis units when evaluating summer habitat.
 Using different methods to calculate home
 range size, Unsworth (1993) indicated a larger
 evaluation area may be appropriate when bull
 elk are considered. We recommend a 70-85
 km2 evaluation area.

 Maintenance of early to mid-seral stage hab-
 itat will provide long-term benefits for elk on
 winter ranges by providing more forage (Leege
 and Hickey 1971, Irwin and Peek 1983), but
 reductions in cover and the increased access as-
 sociated with timber harvest on summer and fall

 ranges will likely be more detrimental to elk in
 terms of reducing security than beneficial in
 terms of forage production (Unsworth et al.
 1993). The summer elk habitat guidelines used
 in north Idaho (Leege 1984) probably meet
 most of the biological needs of both bull and
 cow elk during summer; however, we recom-
 mend a larger portion of managed areas main-
 tained in cover and more restrictive access man-

 agement than is currently practiced on most na-
 tional forests.

 ACKNOWLEDGMENTS

 Funding for this project was provided by the
 Idaho Department of Fish and Game through
 Federal Aid in Wildlife Restoration Project W-
 160-R-16, the Rocky Mountain Elk Foundation,
 and the U.S. Forest Service. D. Cichowski, B.
 B. Compton, T. C. Ferguson, T. S. Gelatt, and
 M. R. Matchett provided field assistance. J. M.
 Peek, D. O. Everson, and P. Zager reviewed
 drafts of this manuscript. J. R. Pope and D. Pet-
 it provided expert piloting skills. R. K. Stein-
 horst helped with statistical analysis. D. L. Da-
 vis provided U.S. Forest Service coordination.

 LITERATURE CITED

 ABRAMOVICH, R., M. MOLNAU, AND K. CRAINE.
 1998. Climates of Idaho. University of Idaho Col-
 lege of Agriculture Bulletin 784.

 BISHOP, Y. M., S. E. FIENBERG, AND P. W. HOLLAND.
 1975. Discrete multivariate analysis. MIT Press,
 Cambridge, Massachusetts, USA.

 BLACK, H., R. SCHERZINGER, AND J. W. THOMAS.
 1976. Relationships of Rocky Mountain elk and
 Rocky Mountain mule deer habitat to timber
 management in the Blue Mountains of Oregon
 and Washington. Pages 11-31 in S. R. Hieb, ed-
 itor. Elk-logging-roads symposium proceedings.
 University of Idaho, Moscow, Idaho, USA.

 CHESSON, J. 1978. Measuring preference in selective
 predation. Ecology 59:211-215.

 . 1983. The estimation and analysis of prefer-
 ence and its relationship to foraging models.
 Ecology 64:1297-1304.

 CLUTTON-BROCK, T., F. E. GUINNESS, AND J. D. AL-
 BON. 1982. Red deer behavior and ecology of two
 sexes. University of Chicago Press, Chicago, Illi-
 nois, USA.

 EDGE, W. D., C. L. MARCUM, AND S. L. OLSON-
 EDGE. 1987. Summer habitat selection by elk in
 western Montana: a multivariate approach. Jour-
 nal of Wildlife Management 51:844-851.

 S, AND -. 1988. Summer forage
 and feeding site selection by elk. Journal of Wild-
 life Management 52:573-577.

 FIENBERG, S. E. 1970. The analysis of multidimen-
 sional contingency tables. Ecology 51:419-433.

 FRANKLIN, W. L., AND J. W. LIEB. 1979. The social
 organization of a sedentary population of North
 American elk: model for understanding other
 populations. Pages 185-198 in M. S. Boyce and
 L. D. Hayden-Wing, editors. North American elk:
 ecology, behavior, and management. University of
 Wyoming, Laramie, Wyoming, USA.

 GEIST, V. 1982. Adaptive behavioral strategies. Pages
 219-277 in J. W. Thomas and D. E. Toweill, ed-
 itors. Elk of North America: ecology and man-
 agement. Stackpole Books, Harrisburg, Pennsyl-
 vania, USA.

 HEISEY, D. M. 1985. Analyzing selection experiments
 with log-linear models. Ecology 66:1744-1748.

 HERSHEY, T. J., AND T. A. LEEGE. 1982. Elk move-
 ments and habitat use on a managed forest in
 north-central Idaho. Idaho Department of Fish
 and Game Wildlife Bulletin 10.

 IDAHO DEPARTMENT OF FISH AND GAME. 1998.

 Statewide surveys and inventory. Federal Aid in
 Wildlife Restoration Project W-170-R-21, Prog-
 ress Report.

 IRWIN, L. L., AND J. M. PEEK. 1983. Elk habitat use
 relative to forest succession in Idaho. Journal of
 Wildlife Management 47:664-672.

 KNIGHT, R. R. 1970. The Sun River Elk Herd. Wild-
 lilfe Monographs 23.

 KUCK, L., G. L. HOMPLAND, AND E. H. MERRILL.
 1985. Elk calf response to simulated mine distur-
 bance in southeast Idaho. Journal of Wildlife
 Management 49:751-757.

 LEEGE, T. A. 1984. Guidelines for evaluating and
 managing summer elk habitat in northern Idaho.

This content downloaded from 170.144.243.91 on Wed, 06 Mar 2019 20:58:53 UTC
All use subject to https://about.jstor.org/terms



 J. Wildl. Manage. 62(4):1998 ELK HABITAT * Unsworth et al. 1263

 Idaho Department of Fish and Game Wildlife
 Bulletin 11.

 , AND W. O. HICKEY. 1971. Sprouting of north-
 ern Idaho shrubs after prescribed burning. Jour-
 nal of Wildlife Management 35:508-515.

 , AND -. 1977. Elk-snow-habitat rela-
 tionships in the Pete King Drainage, Idaho. Idaho
 Department of Fish and Game Wildlife Bulle-
 tin 6.

 LYON, L. J. 1979. Habitat effectiveness for elk as in-
 fluenced by roads and cover. Journal of Forestry
 77:658-660.

 . 1983. Road density models describing habitat
 effectiveness for elk. Journal of Forestry 81:592-
 594, 613.

 , T. N. LONNER, J. P. WEIGAND, C. L. MAR-
 CUM, W. D. EDGE, J. D. JONES, D. W. Mc-
 CLEEREY, AND L. L. HICKS. 1985. Coordinating
 elk and timber management. Final report of the
 Montana cooperative elk-logging study for 1970-
 1985. Montana Department of Fish, Wildlife, and
 Parks, Helena, Montana, USA.

 MACKIE, R. J. 1970. Range ecology and relations of
 mule deer, elk, and cattle in the Missouri River
 Breaks, Montana. Wildlife Mongraphs 20.

 MANLY, B. F. 1974. A model for certain types of se-
 lection experiments. Biometrics 30:281-294.

 , P. MILLER, AND L. M. COOK. 1972. Analysis
 of a selective predation experiment. American
 Naturalist 106:719-736.

 MARCUM, C. L. 1975. Summer-fall habitat selection
 and use by a western Montana elk herd. Disser-
 tation, University of Montana, Missoula, Mon-
 tana, USA.

 , AND W. D. EDGE. 1991. Sexual differences
 in distribution of elk relative to roads and logged
 areas in western Montana. Pages 142-184 in A.
 G. Christensen, L. J. Lyon, and T. N. Lonner,
 compilers. Proceedings of the elk vulnerability
 symposium. Montana State University, Bozeman,
 Montana, USA.

 MCCORQUODALE, S. M., K. J. RAEDEKE, AND R. D.
 TABES. 1986. Elk habitat use patterns in the
 shrub-steppe of Washington. Journal of Wildlife
 Management 50:664-669.

 MILLER, R. G., JR. 1981. Simultaneous statistical in-
 ference. Second edition. McGraw-Hill, New
 York, New York, USA.

 NELSON, J. R., AND T. A. LEEGE. 1982. Nutritional
 requirements and food habitats. Pages 323-367
 in J. W. Thomas and D. E. Toweill, editors. Elk
 of North America: ecology and management.
 Stackpole Books, Harrisburg, Pennsylvania, USA.

 NOYES, J. H., B. K. JOHNSON, L. D. BRYANT, S. L.
 FINDHOLT, AND J. W THOMAS. 1996. Effects of
 bull age on conception dates and pregnancy rates

 of cow elk. Journal of Wildlife Management 60:
 508-517.

 PEDERSON, R. J., W. A. ADAMS, AND J. M. SKOVLIN.
 1980. Elk habitat use in an unlogged and logged
 forest environment. Oregon Department of Fish
 and Wildlife, Wildlife Research Report 9.

 PEEK, J. M., AND A. L. LOVAAS. 1968. Differential
 distribution of elk by sex and age on the Gallatin
 winter range, Montana. Journal of Wildlife Man-
 agement 32:553-557.

 QUIMBY, D. C., AND J. E. GAAB. 1957. Mandibular
 dentition as an age indicator in Rocky Mountain
 elk. Journal of Wildlife Management 21:435-451.

 SCHLEGEL, M. W. 1976. Factors affecting calf elk sur-
 vival in north-central Idaho: a progress report.
 Proceedings of the Annual Conference of the
 Western Association of State Game and Fish
 Commissioners 56:342-355.

 SKOVLIN, J. M. 1982. Habitat requirements and eval-
 uations. Pages 369-413 in J. W. Thomas and D.
 E. Toweill, editors. Elk of North America: ecol-
 ogy and management. Stackpole Books, Harris-
 burg, Pennslyvania, USA.

 SWAN, A. V., AND R. J. BAKER. 1989. The GLIM sys-
 tem. GLIM 3.77. Numerical Algorithms Group,
 Oxford, United Kingdom.

 UNSWORTH, J. W. 1993. Elk mortality, habitat use, and
 home range in the Clearwater Drainage of north-
 central Idaho. Dissertation, University of Idaho,
 Moscow, Idaho.

 ,, AND L. KUCK. 1991. Bull elk vulnerability in
 the Clearwater Drainage of north-central Idaho.
 Pages 85-88 in A. G. Christensen, L. J. Lyon, and
 T. N. Lonner, compilers. Proceedings of the elk
 vulnerability symposium. Montana State Univer-
 sity, Bozeman, Montana, USA.

 -, - , M. D. SCOTT, AND E. O. GARTON.
 1993. Elk mortality in the Clearwater Drainage
 of northcentral Idaho. Journal of Wildlife Man-
 agement 57:495-502.

 WATSON, A., AND B. W. STAINES. 1978. Differences
 in the quality of wintering areas used by male and
 female red deer (Cervus elaphus) in Aberdeen-
 shire. Journal of Zoology 286:544-550.

 WESTERVELT, J. 1988. GRASS users and program-
 mers manual for the geographical resources anal-
 ysis support system. U.S. Army Corps of Engi-
 neers USA-CERL ADP Report N-87/22.

 WILKINSON, L. 1990. SYSTAT: the system for statis-
 tics. SYSTAT, Evanston, Illinois, USA.

 ZAR, J. H. 1984. Biostatistical analysis. Prentice-Hall,
 Englewood Cliffs, New Jersey, USA.

 Received 3 September 1996.
 Accepted 13 April 1998.
 Associate Editor: McDonald.

This content downloaded from 170.144.243.91 on Wed, 06 Mar 2019 20:58:53 UTC
All use subject to https://about.jstor.org/terms


	Contents
	1255
	1256
	1257
	1258
	1259
	1260
	1261
	1262
	1263

	Issue Table of Contents
	The Journal of Wildlife Management, Vol. 62, No. 4 (Oct., 1998), pp. 1165-1630+i-xiv
	Volume Information [pp. 1589-xiv]
	Front Matter
	Invited Paper
	Ungulate Effects on the Functional Species Composition of Plant Communities: Herbivore Selectivity and Plant Tolerance [pp. 1165-1183]

	Reproductive Performance of Female Alaskan Caribou [pp. 1184-1195]
	Silvicultural Use of Herbicide in Sub-Boreal Spruce Forest: Implications for Small Mammal Population Dynamics [pp. 1196-1206]
	Response of Small Mammals to Clearcutting, Burning, and Glyphosate Application in the Oregon Coast Range [pp. 1207-1216]
	Comparison of Proposed Survey Procedures for Detection of Forest Carnivores [pp. 1217-1226]
	Evaluation of a Mark-Resighting Technique for Woodland Caribou in Newfoundland [pp. 1227-1235]
	Interpreting Carnivore Scent-Station Surveys [pp. 1235-1245]
	Effects of Jet Aircraft on Mountain Sheep [pp. 1246-1254]
	Elk Habitat Selection on the Clearwater National Forest, Idaho [pp. 1255-1263]
	Evaluating Cougar Translocation in New Mexico [pp. 1264-1275]
	Aging Bison by the Incremental Cementum Growth Layers in Teeth [pp. 1276-1280]
	Analysis of Error from Cementum-Annuli Age Estimates of Known-Age Pennsylvania Black Bears [pp. 1281-1291]
	Modeling and Evaluation of Ear Tag Loss in Black Bears [pp. 1292-1300]
	Causes and Rates of Mortality of Swift Foxes in Western Kansas [pp. 1300-1306]
	Indices for Predicting Total Body Fat in Red Foxes from Australia [pp. 1307-1312]
	Characteristics of Wolverine Reproductive Den Sites [pp. 1313-1320]
	Chinese Privet and the Feeding Ecology of White-Tailed Deer: The Role of an Exotic Plant [pp. 1321-1329]
	Spatial Mobility of Breeding Female White-Tailed Deer in a Low-Density Population [pp. 1329-1334]
	Survival and Cause-Specific Mortality Rates of Adult White-Tailed Deer in New Brunswick [pp. 1335-1341]
	Use of Vocalizations to Estimate Population Size of Roe Deer [pp. 1342-1348]
	Influence of Forest Structure and Diseases on Nest-Site Selection by Red-Breasted Nuthatches [pp. 1349-1358]
	Density and Foraging Ecology of Woodpeckers Following a Stand-Replacement Fire [pp. 1359-1372]
	Nest-Site Characterization and Reproductive Success of Mississippi Kites in the Mississippi River Floodplains [pp. 1373-1378]
	Does Survey Method Bias the Description of Northern Goshawk Nest-Site Structure? [pp. 1379-1384]
	Red-Shouldered Hawk Broadcast Surveys: Factors Affecting Detection of Responses and Population Trends [pp. 1385-1397]
	Characteristics of Forests at Spotted Owl Nest Sites in the Pacific Northwest [pp. 1398-1410]
	Short-Term Effects of Understory and Overstory Management on Breeding Birds in Arkansas Oak-Hickory Forests [pp. 1411-1417]
	Bird Communities of Early-Successional Burned and Logged Forest [pp. 1418-1429]
	Effect of Border-Edge Cuts on Birds at Woodlot Edges in Southwestern Pennsylvania [pp. 1430-1437]
	Predation of Artificial Nests in Hardwood Fragments Enclosed by Pine and Agricultural Habitats [pp. 1438-1442]
	Population Demographics of Two Local South Carolina Mourning Dove Populations [pp. 1443-1451]
	Effects of Implanted Radiotransmitters on Captive Mourning Doves [pp. 1451-1460]
	Hand-Rearing Corvids for Reintroduction: Importance of Feeding Regime, Nestling Growth, and Dominance [pp. 1460-1479]
	Breeding Season Bird Use of Recently Restored versus Natural Wetlands in New York [pp. 1480-1491]
	Relation between Weather and Survival of Wild Turkey Nests [pp. 1492-1498]
	Influence of Temperature and Precipitation on Survival of Wild Turkey Poults [pp. 1499-1505]
	Operative Temperature Reduces Habitat Space for Northern Bobwhites [pp. 1506-1511]
	Survival of Female Northern Pintails Wintering in Southwestern Louisiana [pp. 1512-1521]
	Migration Patterns of Black Brant in Boundary Bay, British Columbia [pp. 1522-1532]
	Diet Selectivity of Gadwalls Wintering in Alabama [pp. 1533-1543]
	Effect of Restrictive Harvest Regulations on Survival and Recovery Rates of American Black Ducks [pp. 1544-1557]
	þÿ�þ�ÿ���A���n���t���h���r���a���q���u���i���n���o���n���e��� ���F���o���r���m���u���l���a���t���i���o���n��� ���(���F���l���i���g���h���t��� ���C���o���n���t���r���o���l�������)��� ���S���h���o���w���s��� ���P���r���o���m���i���s���e��� ���a���s��� ���A���v���i���a���n��� ���F���e���e���d���i���n���g��� ���R���e���p���e���l���l���e���n���t��� ���[���p���p���.��� ���1���5���5���8���-���1���5���6���4���]
	Effects of Foliar Insecticides on Survival of Northern Bobwhite Quail Chicks [pp. 1565-1573]
	Evaluation of Transmitter Attachment Techniques on Growth of Wild Turkey Poults [pp. 1574-1578]
	Corrigendum: Assessing Potential Gray Wolf Restoration in the Northeastern United States: A Spatial Prediction of Favorable Habitat and Potential Population Levels [p. 1579]
	Book Reviews
	Review: untitled [pp. 1580-1581]
	Review: untitled [pp. 1581-1583]
	Review: untitled [pp. 1583-1584]
	Review: untitled [pp. 1584-1586]
	Review: untitled [pp. 1586-1588]

	Back Matter



